AbstrAct
Viral respiratory infections are often grouped as a single respiratory syndrome named 'viral bronchiolitis', independently of the viral etiology or individual risk factors. Clinical trials and guidelines have used a more stringent definition of viral bronchiolitis, including only the first episode of wheezing in children less than 12 months of age without concomitant respiratory comorbidities. There is increasing evidence suggesting that this definition is not being followed by pediatric care providers, but it is unclear to what extent viral respiratory infections are currently misclassified as viral bronchiolitis using standard definitions. We conducted a retrospective analysis of hospitalized young children (≤3 years) due to viral respiratory infections. Bronchiolitis was defined as the first wheezing episode less than 12 months of age. Demographic variables and comorbidities were obtained by electronic medical record review. The study comprised a total of 513 hospitalizations (n=453). Viral bronchiolitis was diagnosed in 144 admissions (28.1%) . Notably, we identified that the majority of children diagnosed with bronchiolitis (63%) were misclassified as they had prior episodes of wheezing. Many children with bronchiolitis misclassification had significant comorbidities, including prematurity (51%), neuromuscular conditions (9.8%), and congenital heart disease (9.8%). Misclassification of bronchiolitis is a common problem that may lead to inappropriate management of viral respiratory infections in young children. A comprehensive approach that takes into consideration viral etiology and individual risk factors may lead to a more accurate clinical assessment of this condition and would potentially prevent bronchiolitis misclassification.
IntroductIon
Viral respiratory infections are the top cause of morbidity and mortality in the pediatric population and represent a major burden for healthcare utilization. 1 Prior to the widespread use of viral respiratory polymerase chain reaction (PCR) to identify specific viral respiratory pathogens, all viral respiratory infections were traditionally grouped together as a single respiratory original research Most guidelines have also adopted similar definitions of viral bronchiolitis to propose standardized recommendations for management and treatment for this condition. 4 Importantly, there is increasing evidence suggesting that this definition of bronchiolitis is not being followed by several pediatric care providers. Fernández et al has recently reported that only 5% of general pediatricians agree with the standard definition of viral bronchiolitis. 5 This represents a significant problem because it limits the applicability of clinical trials findings and viral bronchiolitis guidelines. Of particular concern is the fact that many children with recurrent and multitrigger wheezing may be misclassified as viral bronchiolitis, preventing the use of therapies such as corticosteroids and bronchodilators, standard of care in young children with asthma, 6 but not recommended for the treatment of viral bronchiolitis. 4 7 Thus, it is crucial to understand to what extent respiratory viral infections are misclassified as viral bronchiolitis according to standard definitions. To address this important unanswered question, we conducted a retrospective study in children hospitalized ≤3 years of age with PCR-confirmed viral respiratory infection. Our study included a total of 513 hospitalizations (n=453 children). The overarching hypothesis was that a significant proportion of cases of viral respiratory infection are currently misclassified as viral bronchiolitis. In addition, we performed secondary analysis to investigate the specific reasons why cases are being misdiagnosed as viral bronchiolitis with the prediction that prior wheezing and concomitant respiratory conditions would be the most common reasons.
The impact of this study in the field is that it may ultimately lead to improvements in healthcare by demonstrating the critical importance of proper clinical assessment of viral respiratory infections in young children. The latter must acknowledge prior history of wheezing illnesses, age of presentation, and known underlying respiratory conditions and risk factors. Our results may also impact the design of future clinical trials and guidelines for standardized management and treatment of viral respiratory infections in children, taking into consideration the heterogeneity and complexity of this common and potentially life-threatening pediatric condition.
MAterIAls And MetHods study subjects
We conducted a retrospective cross-sectional analysis of a cohort of children ≤3 years of age admitted with viral respiratory infection, confirmed by PCR analysis, at Children's National Medical Center (CNMC) during 2014. Viral PCR was performed on subjects who presented to the hospital with suspected viral respiratory tract infection at discretion of clinician. We only included children with positive PCR for any of the viruses included in our panel, including rhinovirus (RV), respiratory syncytial virus (RSV), human metapneumovirus (HMPV), influenza A/B, parainfluenza 1-3, and adenovirus. This study was approved by the Institutional Review Board at CNMC.
clinical and demographic variables
Clinical and demographic variables were obtained by reviewing electronic medical records (EMR) at CNMC. Demographic variables comprised gestational age in weeks, age, gender, and ethnicity. For the purpose of the study, clinical parameters were characterized as binary outcome for the presence of wheezing and the classification of severe prematurity defined a priori by a gestational age of less than 32 weeks to include extremely preterm and very preterm subjects based on WHO's definition of prematurity. 8 We used the most common definition of viral bronchiolitis according to what has been used in clinical trials and adopted clinical practice guidelines. 'Viral bronchiolitis' was defined as the first episode of wheezing in children <12 and <24 months of age without concomitant respiratory comorbidities. 4 9 statistical analysis Data were analyzed using the software SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Descriptive statistics were used to calculate the prevalence of each virus and to present demographic information. Comparison of viral bronchiolitis definitions and recurrent wheezing misclassified as bronchiolitis were performed with a χ 2 test (categorical variables). Significance was taken at the p<0.05 level.
results demographics and epidemiology of viral respiratory infections
The study comprised a total of 510 hospitalizations in children aged 3 years or less who were positive for an identified virus using viral PCR. As shown in table 1, there were 320 males, which was 62.7% of the subject population, median age was 1.18 years (IQR 0.58-2.15). We identified RV as the predominant viral pathogen found in 280 of the subjects (55%). RSV was the second most common virus and found in 84 subjects (16.5%), HMPV in 56 subjects (11%), and adenovirus in 56 Figure 1 Comparison of viral bronchiolitis definitions. Subjects diagnosed with viral bronchiolitis (n=144) were subdivided into those appropriately classified as first wheezing episode plus age criteria of <24 months (n=53) and those misclassified due to at least one prior episode of wheezing, which was the most common category (recurrent wheezing; n=91; p<0.01**). Data for all subjects with recurrent wheezing (n=91).
Figure 2
Viruses implicated in subjects with recurrent wheezing. Data for all subjects with recurrent wheezing (n=91). RV, rhinovirus; RSV, respiratory syncytial virus; HMPV, human metapneumovirus. RV was the most prevalent virus in the recurrent wheezing group (46%).
original research subjects (11%). Influenza virus, which includes H1N1, H3N2, influenza A, and influenza B, was implicated in 43 subjects (8.4%). Parainfluenza includes parainfluenza types 1-3 in 39 subjects (7.6%).
comparison of viral bronchiolitis definitions
To compare the varying definitions of bronchiolitis based on the American Academy of Pediatrics of children less than 24 months with first wheezing episode 4 and the European guidelines definition of bronchiolitis as a seasonal virus infection of the lower respiratory tract in infants less than 12 months, 9 we combined all subjects less than 12 or 24 months, as shown in figure 1 . Of the subjects diagnosed with viral bronchiolitis (n=144), we selected for those appropriately classified as having a first-time wheezing episode plus two different age criteria to include both the American and the European definitions. We identified 41 subjects who met the above-mentioned criteria and were less than 12 months (definition 1; n=41; 29%). There were 53 subjects who met criteria and were less than 24 months (definition 2; n=53; 37%, which included the <12 months patients). There were 91 subjects (63%) misclassified due to at least one prior episode of wheezing which either bronchiolitis definition was applicable.
characteristics of subjects with recurrent wheezing misclassified as bronchiolitis
Taking a further look into the subpopulation of subjects with recurrent wheezing misclassified as bronchiolitis, we characterized gender, age, race, wheezing during current episode, prior use of albuterol, and inhaled steroids in table 2. Males outnumbered females at 63% (n=57), and median age was 1.01 years (IQR=0.62-1.51). Almost half of the subjects were black at 49% (n=45). The vast majority of subjects at 89% (n=80) wheezed during the current studied episode.
Viruses implicated in subjects with recurrent wheezing
In the 91 subjects who have recurrent wheezing as seen in figure 2 , RV was the most prevalent at 46% followed by RSV 24%, HMPV 14%, and adenovirus 9.8%. Parainfluenza, which includes parainfluenza types 1-3, was in 9.8% of subjects. Influenza was found in 5.5% of subjects and includes H1N1, H3N2, influenza A, and influenza B.
comorbidities of subjects with recurrent wheezing misclassified as bronchiolitis
To further describe the population of subjects misclassified as bronchiolitis with recurrent wheezing, we took a closer look at comorbidities. We found that about half (n=47, 51%) of the subjects had history of prematurity with 77% of those falling under the category of very premature with gestational age of <32 weeks. Other comorbidities prevalent in these subjects were congenital heart disease (n=9, 9.8%), airway/respiratory abnormalities (n=12, 13%), genetic disorders (n=11, 12%), and neuromuscular diseases (n=9, 9.8%) dIscussIon Viral respiratory infections are the top cause of hospitalization in children around the world. 10 Respiratory viruses are also a major burden for healthcare utilization due to multiple emergency department visits, prolonged hospitalizations, and recurrent respiratory symptoms in outpatient follow-up visits. 11 Despite increasing evidence demonstrating that the pathogenesis of viral respiratory infections is highly <37-33 weeks GA, n (%) 11 (12) ≤32 weeks GA, n (%) 36 (39) Congenital heart disease, n (%) 9 (9.8) Airway/respiratory abnormalities, n (%) 12 (13) Genetic disorders, n (%) 11 (12) Neuromuscular disease, n (%) 9 (9.8)
Data for all subjects with recurrent wheezing (n=91). GA, gestational age.
original research complex and heterogeneous, [12] [13] [14] [15] they are often grouped as a single respiratory syndrome named 'viral bronchiolitis'. 2 3 This assumes that different respiratory viruses will cause the same clinical picture independently of the individual host response and risk factors. Clinical trials and guidelines have narrowed down the definition of viral bronchiolitis to include only the first episode of wheezing in children under 12 months of age and have specifically excluded individuals with respiratory comorbidities. 6 Nonetheless, there is evidence that many pediatric care providers do not follow this narrowed definition, 16 which limits the applicability of the scientific evidence generated by viral bronchiolitis research. The latter represents a significant clinical problem because bronchiolitis misclassification may lead to inappropriate decisions in treatment and need for additional work up and/or follow-up. Given the importance of this issue, we set a study to investigate the frequency and causes for viral bronchiolitis misclassification in young children hospitalized with viral respiratory infections. Specifically, we determined the proportion of cases of hospitalization due to respiratory viruses in which the term viral bronchiolitis was inappropriately used. We also conducted additional analyses to investigate the specific reasons why this bronchiolitis definition was incorrect, with particular focus on the presence of conditions that may significantly change the management of viral respiratory infections in children (eg, recurrent/multitriggered wheezing).
The main finding of our current study is that among the population of young children hospitalized with PCR-confirmed viral infection, we identified that 65% where mistakenly diagnosed as viral bronchiolitis, according to the most accepted definition of this condition. 4 9 Our study included a representative sample of 513 hospitalizations (n=453 children) caused by several respiratory viruses, including RV, RSV, HMPV, influenza A/B, parainfluenza types 1-3, and adenovirus. The impact of the misclassification of viral bronchiolitis is that it may affect the management of viral respiratory infections in young children. This is particularly concerning given that multiple clinical trials have failed to identify beneficial effects for many treatments, including bronchodilators, corticosteroids, hypertonic saline, and epinephrine, among others. [17] [18] [19] Accordingly, it is critically important to avoid misusing the term viral bronchiolitis as it may lead to withholding therapies that may be beneficial for specific groups of young children. For instance, there is compelling evidence, based on randomized controlled clinical trials, [20] [21] [22] that corticosteroids are beneficial in young children with multiple-trigger wheezing, which is often triggered by respiratory viruses. Despite the implications of the identification of recurrent/multitrigger wheezing, our study identified that the top reason to misclassify respiratory infections as viral bronchiolitis was the prior presence of wheezing episodes. We believe an explanation for these findings is that some providers still prefer to use the term viral bronchiolitis instead of childhood asthma in children with recurrent/multitrigger wheezing given the potential controversy of diagnosing asthma in young children. This contradicts the latest National Asthma Education and Prevention Programme guidelines (Expert Panel Report III) specifically describing a category for the identification and management of asthma in children 0-4 years old. 6 We also identified several cases of recurrent wheezing misclassified as viral bronchiolitis in which there was previous use of inhaled corticosteroids, bronchodilators, and/or diagnosis of asthma (table 3) . Due to the retrospective nature of our study, we could not ascertain that this misclassification altered the management and/or outcome of the acute viral-induced wheezing episode. However, our current data suggest some asthmatic children may have been treated as viral bronchiolitis, which highlights the importance of educating clinicians on how to interpret bronchiolitis studies and guidelines 4 9 and how to differentiate viral bronchiolitis from recurrent viral-induced wheezing illnesses in this age group. Given that viral infections are by far the most common cause of asthma exacerbation in young children, 23 the misuse of the term viral bronchiolitis in this population is highly inappropriate and may lead to the mistaken idea that corticosteroids and bronchodilators are not clinically indicated in this setting of viral respiratory infection.
Another finding of our study was the presence of concomitant respiratory comorbidities that are not part of the standard definition of the viral bronchiolitis. Of particular interest was the high number of young children admitted under the umbrella of viral bronchiolitis, who were born severely premature. It is important to mention that most bronchiolitis clinical trials have specifically excluded premature children given the unique host factors that greatly increase the risk for severe respiratory disease. 13 24 25 In this connection, we and others have described dysfunctional airway immune responses in premature babies during respiratory infections caused by RV, RSV, and HMPV. [26] [27] [28] [29] [30] This evidence indicates that the pathogenic mechanisms causing respiratory disease during viral respiratory infection in premature infants are distinct and may influence the clinical presentation, prognosis, and management. [31] [32] [33] Similarly, in our current study, we identified that many children hospitalized due to viral respiratory infections had the concomitant diagnosis of neuromuscular disease, which put them at high risk for severe respiratory distress due to a myriad of factors, including poor airway clearance, aspiration, and sleep breathing disorders, 34 all of which need treatment approaches not typically considered in the therapeutic algorithm for viral bronchiolitis. 4 Collectively, these new data highlight the importance of taking into account concomitant respiratory conditions before using the term viral bronchiolitis to guide the management of viral respiratory infections in hospitalized children.
The misclassification of viral bronchiolitis identified in our study occurred independently of the viral pathogen, and it was particularly common in cases triggered by RV infection. In this regard, it is important to mention that several studies have highlighted the importance of determining the original research specific viral pathogen causing respiratory disease in young children as it may impact the clinical presentation 28 35 and short-term or long-term prognosis. 36 Perhaps the strongest evidence of this comes from the childhood origins of asthma study, which assessed the long-term consequences of viral respiratory infections in early life. This seminal study identified that RV-induced wheezing illnesses in children under 3 years of age increases dramatically the likelihood (10 times OR) of developing asthma beyond childhood. 37 At the molecular level, RV is increasingly recognized to enhance the secretion of T helper 2 pro-asthmatic cytokines, 29 which is now considered one of the most important risk factors for the development of asthmatic condition 38 39 and the most common trigger of asthma exacerbations. 38 39 Accordingly, many of the young children labeled as viral bronchiolitis, who have RV-induced wheezing, may need careful evaluation and follow-up as they are at high risk of recurrent wheezing and asthma development later in life. 38 39 Taken together, these data suggest that using a broad categorical definition to include all viruses as a single respiratory syndrome (viral bronchiolitis) is likely to omit important clinical information that may impact not only the current management but also the short-term and long -term prognosis of viral respiratory infections in young children.
Our study has a number of strengths and some limitations. We included a relatively large cohort of children hospitalized due to viral respiratory infections. We were able to investigate clinical manifestations and definitions (viral bronchiolitis) and correlate these with viral-specific pathogens (determined by PCR). The main limitation of the present study is perhaps the retrospective collection of clinical data. We acknowledge the inherent bias in only including patients who had a viral PCR ordered. Because the clinical guidelines for viral bronchiolitis do not have any targeted therapy, a provider may choose to not order a viral PCR as it may not change management. However, because the data were taken from EMR, and the key variables analyzed are hard variables, it is unlikely that retrospective collection significantly compromised the validity of the results due to misclassifications of disease status. In addition, it is important to emphasize that the study was conducted in a specialized, tertiary referral hospital, which makes it likely that the patients included represent the extreme of the spectrum of severity of all patients with viral respiratory infection, which could limit the generalization of results to other contexts.
In conclusion, our current study identified that a significant portion of children admitted with diagnosis of viral bronchiolitis do not meet the standard definition criteria of this condition. The most common factors leading to misclassification of viral respiratory infection in hospitalized children were the presence of prior wheezing and concomitant respiratory conditions, including prematurity and neuromuscular disease. Given that several clinical trials have used a standard definition of viral bronchiolitis that exclude recurrent wheezing and comorbid conditions, it is critically important for clinicians to understand the applicability and limitations of the evidence generated in viral bronchiolitis research. A comprehensive approach that takes into consideration the heterogeneity and complexity of the pathobiology of viral respiratory infections in young children may lead to a more accurate clinical assessment of this condition and would potentially prevent bronchiolitis misclassification.
